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Abstract

Background: The antibiotic resistance of pathogenic bacteria is one of the major health problems worldwide. The development of novel
antimicrobial therapies based on natural products that greatly reduce this resistance is urgent. The present study aimed at evaluating the
antimicrobial potential of four animal methanol extracts, Gryllus campestris, Testudo hermanni, Cardisoma guanhumi, and Rhinella jimi as well
as their synergistic effects with antibiotics against twenty Gram-negative bacteria.

Methods: Zoochemical analysis of extracts was performed using qualitative reference methods for the detection of secondary metabolites and
the ninhydrin reaction for the detection of protein constituents. The antibacterial activity of animal extracts alone and in combination with
antibiotics was carried out using broth microdilution methods.

Results: Amino acids, peptides, or proteins were present in all extracts. Alkaloids were detected in extracts of C. guanhumi and R. jimi and were
absent in other extracts. Flavonoids, tannins, and steroids were evidenced only in dried and fresh extracts of R. jimi. Polyphenols, anthocyanins,
anthraquinones, and saponins were not detected in all extracts. Dried extract from R. jimi was most active. It had antibacterial potential against
85% of the tested bacterial strains with significant activity (100sMIC<512 pg/mL) against 35% of bacteria; this included three E. coli (ATCC8739,
AG100Ar and MC4100), one E. aerogenes (ATCC13048), one K. pneumoniae (ATCC11296) and two P. aeruginosa (PA01 and PA124). Dried
and fresh extracts from C. guanhumi displayed an antibacterial activity against 40% and 20% of the bacteria tested, respectively, whereas dried
extracts from G. campestris and fresh extracts from T. hermanni inhibited the growth of 15% and 10% of bacteria, respectively (MIC range of 512
to 2048 pg/mL). The dried and fresh extracts of R. jimi, at MIC/2 and MIC/4, potentialized the activities of more than 70% of the antibiotics
respectively against more than 70% of studied bacteria. Both extracts highly improved the activity of oxacillin, gentamicin, erythromycin, and
ciprofloxacin with improved activity factors (IAFs) ranging from 16 to 256.

Conclusion: This work demonstrated that R. jimi extracts had a broad spectrum of antibacterial activities. The overall data provided evidence
that animals investigated in this study might be potential sources of natural antimicrobial agents; They can be combined with clinically used
antibiotics to overcome bacterial resistance.

Keywords: Animal extract, antibiotics; Gram-negative bacteria; efflux pumps; multidrug resistance; Rhinella jimi.

*Correspondence: Tel.: +237 675468927; E-mail address: armbatsa@yahoo.fr; ORCID: https://orcid.org/0000-0003-4178-4967 (ArmelleT. Mbaveng)
1Department of Biochemistry, Faculty of Science, University of Dschang, Dschang, Cameroon.
Other authors: michelfofack@gmail.com (Michel-Gael F. Guefack); simplicetankeo@yahoo.fr (Simplice B. Tankeo); ngaffocarine993@gmail.com (Carine M.N.

Ngaffo); idriva89@gmai.com (ldrios N. Bonsou); paulnayim@gmail.com (Paul Nayim); wambaelvis@yahoo.fr (Brice E.N. Wamba; kuetevictor@yahoo.fr; ORCID:
http://orcid.org/0000-0002-1070-1236 (Victor Kuete)

Citation on this article: Guefack MGF, Tankeo SB, Ngaffo CMN, Bonsou IN, Nayim P, Wamba BEN, Kuete V, Mbaveng AT. Antibacterial and antibiotic-modulating
activities of Rhinella jimi and three other animal extracts against multidrug-resistant Gram-negative phenotypes. Investigational Medicinal Chemistry and
Pharmacology (2022) 5(1):61; Doi: https://dx.doi.org/10.31183/imcp.2022.00061

C Invest. Med. Chem. Pharmacol. (IMCP) ISSN: 2617-0019 (Print)/ 2617-0027 (Online); © The Author(s). 2022 Open Access This atrticle is
available at https://investchempharma.com/



mailto:michelfofack@gmail.com
mailto:idriva89@gmai.com
mailto:kuetevictor@yahoo.fr
https://dx.doi.org/10.31183/imcp.2022.00061
https://portal.issn.org/resource/issn/2617-0019
https://portal.issn.org/resource/issn/2617-0027
https://investchempharma.com/

Guefack et al. Investigational Medicinal Chemistry and Pharmacology 2022 5(1):61

Background

Despite the considerable progress in medicine, the treatment of
infectious diseases continues to face many challenges. The
occurrence of severe levels of antibiotic resistance is the main
issue facing medical practitioners [1,2]. Multidrug resistance (MDR)
in bacteria is usually mediated by the expression of efflux pumps or
porins involved in transport—by the expression of mutated genes
coding for specific drug targets or specific enzymatic barriers. As a
matter of fact, MDR remains a major obstacle hindering successful
antibacterial chemotherapy [3-5]. Many decades after the first
patients were treated with antibiotics, bacterial infections have
again become a threat. Unfortunately, resistance has eventually
been seen to nearly all antibiotics that have been developed [6].
Antimicrobial resistance threatens the effective prevention and
treatment of an ever-increasing range of infections caused by
bacteria. It is an increasingly serious threat with a global public
health impact that requires action across all government sectors
and society. Resistant bacteria cause severe clinical diseases for a
longer period leading to a huge economic burden. Documented
data revealed that pathogenic bacteria and especially
Staphylococcus aureus, Escherichia coli, Bacillus cereus,
Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella
typhi, and enterobacteria had high levels of resistance against
many classes of antibiotics [7,8]. Bacterial infections are among the
ten causes of death worldwide according to the World Health
Organisation [9,10]. The presence and emergence of resistance
strains make the risk of infections a universal problem with
deleterious effects. Therefore, the incidence of resistance to
existing antibiotics by microorganisms demands increased effort in
the development of new antibiotics for the treatment of microbial
infections and diseases. The discovery of new alternatives is
necessary for the treatment of infections involving resistant
microorganisms. Natural products from plants including botanicals
and phytochemicals have been intensively investigated during the
three last decades, for their potential against various human
diseases, and mostly bacterial infections, cancer, and other
inflammatory disease [11-29]. Recently, new antimicrobial
peptides from natural sources have drawn attention as
antimicrobial agents. Since antimicrobial peptides were initially
identified in frogs and insects in the 1980s, many additional
peptides have been found and over 1200 of them have been
isolated from animals to date [30,31]. The first antimicrobial
peptide, developed in the 1990s, is a magainin, pexiganan, which
is a widely used anionic antimicrobial peptide. In a clinical study,
this peptide, incorporated into a cream, proved to be as effective as
oral antibiotic therapy with ofloxacine, in the treatment of superficial
skin ulcers in diabetic patients [32]. Although invertebrates have
recently been shown to be capable of some form of specific
immune memory [33], their primary mode of enhancing future
resistance is probably through systemic upregulation of relatively
unspecific immune components [34]. As the incidence of MDR
strains continues to increase, treatment options become very
limited and there is an urgent need for rational combination therapy
with maximum killing and minimal emergence of resistance.
Repurposing veterinary medicines for human use has gained
significant interest recently, and several potential combinations
have been identified [35,36]. Herein, we report the antibacterial
activities of the methanol extracts of four animals from Cameroon
including Gryllus campestris Linnaeus (Gryllidae), Cardisoma
guanhumi Latreille (Gecarcinidae), Testudo hermanni Mojsisovics
(Testudinidae), and Rhinella jimi Stevaux (Bufonidae), as well as
their synergistic effects with some commonly used antibiotics.
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Methods

Collection of test samples

Four Cameroonian vertebrates and a commonly comestible animal
were used. They were composed of Gryllus campestris, Testudo
hermanni, Cardisoma guanhumi and Rhinella jimi and they were
collected in the Littoral and West regions of Cameroon in October
2020. They were then identified at the laboratory of animal biology
of the University of Dschang, Cameroon, where each specimen
was deposited.

Media for bacterial cultivation and microorganisms

Two culture media were used for bacterial cultivation. Mueller
Hinton agar (MHA) was used for the activation of bacteria strains
and Mueller Hinton broth (MHB) was used for the determination of
minimal inhibitory and bactericidal concentrations. Twenty bacterial
strains constituted of drug-sensitive and multidrug.resistant (MDR)
Gram-negative strains expressing efflux pumps were used; they
included reference strains and clinical isolates of Escherichia coli
(ATCC8739, AGI100A, AG102, AG100Atet, MC4100, W3110),
Enterobacter aerogenes (ATCC13048, EA27, EA289, EA294,
EA298, CM64), Klebsiella pneumonia (ATCC11296, KP55, KP63),
Pseudomonas aeruginosa (PA01, PA124), and Providencia stuartii
(ATCC29916, PS2636, NEA16). They were provided by the
American Type Culture Collection (ATCC) and by the Laboratory of
UMR-MDL1 of the University of Mediterranean, Marseille, France.
They were maintained on an agar slant at 4°C and cultured on a
fresh appropriate agar plate for 24 h prior to any antimicrobial test.

Antibiotics and other chemicals for antimicrobial assay

Nine commonly used antibiotics belonging to different families were
used. They included Oxaciclin (OXA), Thiamphenicol (THI),
Gentamycin (GEN), Erythromycin (ERY), Ciprofloxacin (CIP),
Doxycycline (DOX), Flucloxacillin (FLC), Ofloxacin (OFL), and
Azithromycin (AZT). p-lodonitrotetrazolium chloride (INT) was used
for colorimetric detection of living bacteria while dimethylsulfoxide
(DMSO) was used to dissolve the extracts and antibiotics. All these
substances were provided by Sigma-Aldrich (St. Quentin Fallavier,
France).

Animal extraction

Animals were firstly washed with water, then flesh was isolated
from shells, scales, and internal organs such as guts, pancreas,
lungs, heart, and other parts different from the flesh. The fleshes
were then washed with a phosphate buffer, pH 7.2 to avoid loss of
proteins and water, and were dried at room temperature sheltered
from the sun. Dried samples were crushed, and the obtained
powders were macerated in methanol solvent in the proportions 1/3
m/v for 48 hrs shaking three times per day. After filtration using
Whatman n°1 filter paper, the filtrates obtained were concentrated
under reduced pressure (at 65°C) in a rotary evaporator to give the
crude extracts which were dried at room temperature for complete
evaporation of the solvent. These crude extracts were kept at 4°C
until further use. The extractive yield (EY) in percentage (Table 1)
of each sample was calculated using the following formula: EY=
(crude extract weight/powder weight) x100.
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Zoochemical screening

The peptides detection in crude extracts was carried out using the
ninhydrin reaction [37]. Thus, in the presence of excess hot
ninhydrin, amino acids, peptide, or proteins undergo oxidative
deamination and decarboxylation. Ammonia condenses with two
molecules of ninhydrin to form a purple complex. The detection of
the main classes of the secondary metabolites, including alkaloids,
flavonoids, tannins, saponins, steroids, phenols, terpenes,
anthraquinones, and anthocyanins (Table 3) was carried out using
previously described methods [38].

Bacterial susceptibility essays

The minimal inhibitory concentrations (MICs) and minimal
bactericidal concentrations (MBC) were determined using the
microdilution method as described previously [39] with some
modifications. In a 96-wells plate containing 100 pl of MHB culture
medium, 100 pl of animal extracts dissolved in DMSO 2.5 % was
added to the first wells and then serially distributed to the other
wells. Then 100 pl of bacterial suspension (2x106 UFC/ml) was
added to all wells to afford 200 pl. DMSO 2.5 % and Ciprofloxacin,
the reference antibiotic tested at 256 pg/mL final concentration,
were respectively used as negative and positive controls. Plates
were then covered and incubated at 37°C for 18 hrs after which 40
pl of INT 0.2 % were introduced and plates were reincubated at
37°C for 30 min. The INT (yellow colour) is reduced by viable
bacteria to yield a pink colour. The minimal inhibitory concentration
(MIC) was defined as the lowest concentration that prevented the
change of this colour and which resulted in the complete inhibition
of bacterial growth. Moreover, for the determination of the minimal
bactericidal concentrations (MBCs), the new 96-well plates
containing 150 pL of MHB, in which were added 50 pL of aliquots
from the wells corresponding to MIC as well as upper
concentrations were used. The microplates were incubated at 37
°C for 48 h and revelation was done as mentioned above and the
lowest concentration indicating the absence of bacterial growth
was considered as MBC. Each of the experiments was carried out
in triplicate and at two independent times (Table 4).

In fact, the animal extract was considered to have strong activity if
MIC<100 pg/mL, significant activity if 100sMIC<512 pg/mL,
moderate activity if 512<MIC<2048 pg/mL, and weak activity if
MIC>2048 pg/mL. Moreover, the animal extract was considered to
have a bactericidal effect if MBC/MIC<4 and a bacteriostatic effect
if MBC/MIC>4 [40].

Antibiotic-modulating assay

To evaluate the antibiotic resistance modifying activity of the
extracts, the MIC of the antibiotic was determined in the presence
or absence of the animal extracts. This was done according to the
method described by [41]. After serially diluted antibiotic solutions
with concentrations varying from 0.5 to 256 pg/mL, 50 pl of extract
solution followed by 50 pl of bacterial inoculum (4x106 UFC/mI)
were then added, and the microplates were coved and incubated at
37°C for 18h. MICs of the combination extract-antibiotics were
determined by introducing 40 ul of INT 0.2 % as described above.
Preliminary tests were performed against Pseudomonas
aeruginosa PA124 strain which was the most resistant bacteria and
extracts were tested at MCI/2, MIC/4, MIC/8, and MIC/16 (Data not
shown). From the obtained results, two concentrations of extracts
(MCI/2 and MIC/4) were chosen to be tested against the other
studied bacteria. The effects of combinations were estimated by
calculating the improvement activity factors (IAF) of each
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combination using the following formulation: MIC of antibiotic alone
/ MIC of combination (Tables 5-10). Each assay was also
performed in triplicate and two independent times. Extract and
antibiotics were considered to have synergistic, indifferent, or
antagonistic effects if IAF22, IAF=1, or IAF<0.5 respectively [42].

Results

Zoochemical composition of extracts

Extracts were submitted to chemical screening to detect bioactive
substances responsible for the antibacterial activity. It was shown
that Gryllus campestris and Testudo hermanni extracts contained
protein constituents, amino acids, or peptides. These substances
as well as alkaloids were detected in dried and fresh extracts of
Cardisoma guanhumi . Moreover, five types of bioactive
compounds including alkaloids, flavonoids, tannins, steroids, and
proteins constituents were contained in dried and fresh extracts of
Rhinella jimi. However, polyphenols, anthocyanins,
anthraquinones, and saponins were not detected in all extracts.

Antibacterial activity of animal extracts and ciprofloxacin

The activity of tested extracts and reference antibiotic,
ciprofloxacin, was done by determining their MICs and MBCs
(Table 4). Results presented in this table indicate that each extract
showed antibacterial activity against at least two strains. Extracts
from Rhinella jimi were most active. Dried extract of this animal
inhibited the growth of 85% of bacteria with significant activity
(100sMIC=<512 pg/mL) against 35% of bacteria including all
species except Providencia stuartii strains. These bacteria are
three Escherichia coli strains (ATCC8739, AG100Ar; and
MC4100), one Enterobacter aerogenes strain (ATCC13048), one
Klebsiella  pneumoniae strain (ATCC11296), and two
Pseudomonas aeruginosa trains (PAO1 and PA124). Moreover,
this extract showed bactericidal effects (MBC/MIC<4) against the
same bacteria. This extract therefore showed moderate activity
(512<MIC=<2048 pg/mL) against the other bacteria (50%) and was
not active on three bacterial strains such as E. coli AG100A and E.
aerogenes (EA289 and EA298). Fresh extract of this animal
exhibited an antibacterial potential against 55% of studied strains
with significant activity and bactericidal effects against two bacteria
which are E. coli ATCC8739 and E. aerogenes CM64. These
extracts were followed by those of Cardisoma guanhumi whose
dried and fresh extracts inhibited the growth of 40% and 20% of
bacteria respectively with moderate activity. Dried one showed
activity against all K. pneumoniae strains and at least one strain of
other species while fresh one does not inhibit the growth of all
strains of K. pneumoniae, P. stuarti and P. aeruginosa and
showed antibacterial activity against three E. coli strains
(ATCC8739, AG100Ars, and MC4100) and one E. aerogenes
strain, CM64. Extracts from Gryllus campestris and Testudo
hermanni were less active as they showed antibacterial activity
only against 15% and 10% of studied strains respectively. The
three bacterial inhibited by the extract from G. campestris are all E.
coli strains (ATCC8739, AG102, and W3110) while those inhibited
by extract of T. hermanni are E. coli strains ATCC8739 and K.
pneumoniae ATCC11296 strains. Notice that these extracts from
three animal C. guanhumi, G. campestris, and T. hermanni did not
show any MBC on all bacteria. Ciprofloxacin used as a positive
control, exhibited an antibacterial potential against all tested strains
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and bactericidal effects on 75% of bacteria. Its activity is
comparable to that of dried R. jimi extract.

Effects of the combinations of antibiotics with extracts

Tested extracts were associated with some commonly used
antibiotics with the aim of making studied bacteria more
susceptible. Calculation of the improvement activity factors (IAFs)
gives an idea of the type of effects of these combinations which
can be synergism (IAF22), indifference (IAF=1), or antagonism
(IAF=<0.5). Results are shown in Tables 5-10. It was noted that
synergistic effects were observed in the majority of cases between
extracts and antibiotics with IAFs values ranging from 2 to 256. In
the presence of dried G. campestris the activities of 56% of
antibiotics (Ciprofloxacin, Doxycycline, Flucloxacillin, Ofloxacin,
and Azithromycin) increased against at least 70% of the studied
bacteria, and the activities of other antibiotics improved on less
than 50% of the bacteria. Ciprofloxacin activity was improved more
than that of the other antibiotics, as IAFs=216 were obtained in the
majority of cases (Table 5). Bacterial strains like E. coli ATCC8739,
E. aerogenes (ATCC13048, and CM64), K. pneumoniae
ATCC11296, and P. stuartii ATCC29916 were more susceptible to
the combination of this extract and many antibiotics. Fresh extract
from T. hermanni enhanced the activity of 33% of antibiotics
including Ciprofloxacin, Doxycycline, and Ofloxacin against more
than 70% of bacteria (Table 6). This extract most potentiated the
activities of the other antibiotics than extract from dried G.
campestris. In presence of this T. hermanni extract, the
susceptibility of four bacteria including E. coli (ATCC8739 and
AG102), K. pneumoniae ATCC11296 and P. aeruginosa PA01 was
most pronounced against the majority of antibiotics. Moreover, no
antagonistic effect was observed between these two extracts and
all antibiotics. Tables 7 and 8 showed that dried and fresh extracts
of C. guanhumi at all MICs enhanced the activities of 67% and
56% of antibiotics, respectively against almost 70% of bacteria.
They also most potentiated the activity of Ciprofloxacin as the MICs
values of their combinations highly decreased than those of this
antibiotic alone against the majority of bacteria. Four bacterial
strains such as E. coli (ATCC8739 and AG102), K. pneumoniae
ATCC11296 and P. aeruginosa PAO1 were most susceptible to the
combinations with dried extract (Table 7) while in the presence of
fresh extract (Table 8), the pathogenic power of three bacterial
strains including E. coli AG102, K. pneumoniae ATCC11296 and P.
aeruginosa PAOl1 highly decreased. However, an antagonistic
effect was obtained between the dried extract and Oxacillin against
K. pneumoniae Kp55 on the one hand and between the fresh
extract of this animal and Flucloxacillin against P. stuartii NEA16
on the other hand. At all concentrations (MIC/2 and MIC/4), dried
and fresh extracts of R. jimi potentiated the antibacterial activities
of 89% and 78% of antibiotics, respectively against almost 70% of
studied strains with IAF values ranging from 2 to 256 for dried
extracts (Table 9) and 2 to 128 for fresh extracts (Table 10). Each
of these two extracts highly improved the activities of Oxacillin,
Gentamicin, Erythromycin and Ciprofloxacin against the majority of
bacteria. Except for E. aerogenes ATCC13048 and P. aeruginosa
PA124, all studied bacteria were more susceptible vis-a-vis the
combinations between dried extract and the majority of antibiotics,
meanwhile, combinations with fresh extract highly reduced the
virulence of 50% of bacteria that are E. aerogenes CM64, K.
pneumoniae (ATCC11296 and Kp55) and P. stuartii (ATCC29916
and NEA16). Moreover, no antagonistic effect was not obtained
with these dried and fresh extracts of R. jimi and all the used
antibiotics. Therefore, many cases of indifference effects were
selectively observed between all tested extracts and antibiotics.
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Discussion

Bacterial infections caused by MDR Gram-negative pathogens
remain a global public health concern as therapeutic options for
their treatment are dwindling. The successful use of any
therapeutic agent is compromised by the potential development of
tolerance or resistance to that compound from the time it is first
employed. This is true for agents used in the treatment of bacterial,
fungal, parasitic, and viral infections and for the treatment of
chronic diseases such as cancer and diabetes; it applies to
ailments caused or suffered by any living organism, including
humans, animals, fish, plants, insects, etc. A wide range of
biochemical and physiological mechanisms may be responsible for
resistance [43]. The problem of microbial resistance to
conventional antibiotics can therefore be solved by using natural
substances of plant or animal origin that are a potential source of
antimicrobials and are responsible for the antimicrobial activities of
plants or animals. All animals contain proteins, although not all
animal peptides are antimicrobial. Indeed, the results obtained in
this work show that Rhinella jimi extracts contain, in addition to
peptides or proteins, secondary metabolites such as alkaloids,
flavonoids, tannins, and steroids. This would explain its
antibacterial potential compared to other animal extracts used.
Similarly, the presence of alkaloids in the Cardisoma guanhumi
extract makes it more active than the Gryllus campestris and
Testudo hermanni extracts, which are devoid of secondary
metabolites. Indeed, work on R. jimi and several other animal
species of the same family has revealed significant antibacterial
activities against some susceptible and resistant strains of
Echerichia coli and Staphyloccocus aureus [44,45]. Antimicrobial
peptides are one of the key elements of the innate immune system,
serving to defend multicellular organisms [46,47]. The very
structure of peptides gives them some essential characteristics for
antimicrobial action such as their small size (12 to 15 amino acids)
and their amphiphilic, anionic, and cationic characteristics [47-49].
More than 750 antimicrobial cationic peptides (ACPs) from various
animal organisms, including vertebrates and invertebrates, have
been isolated to date [50,51]. In addition, most ACPs have a broad
spectrum of activity since they cover the majority of bacterial and
fungal species, including those pathogenic to humans, enveloped
viruses, and protozoa [52]. In multicellular organisms, ACPs are
effective molecules of innate immunity. Their action in antimicrobial
control can be exerted in two distinct ways, either by an antibiotic
type of microorganism with a view to destroying them by a specific
mechanism, or by an immunomodulatory activity involving the
recruitment and activation of immune cells at the site of the
infection [52]. Furthermore, the spectrum of activity of anionic
antimicrobial peptides is broad as they act against both Gram-
positive and Gram-negative bacteria. The interactions established
between the anionic peptides and the bacterial plasma membrane
seem to be essential for this activity. To facilitate these
interactions, they adopt an ampbhiphilic structure and require the
intervention of cofactors, which are usually metal ions such as zinc
and copper [53, 54]. The binding of peptides to ions leads to the
formation of salts, which can interact with the anionic constituents
of microbial membranes, such as teichoic acids in Gram-positive or
lipopolysaccharides in Gram-negative bacteria. The mechanism by
which these peptides exert their activity and cause cell death,
however, is not well understood [53, 54]. The accessibility of
antimicrobial peptides to several targets is a significant advantage
in combining the development of bacterial resistance. Indeed, the
specificity of action towards a single target that is present in some
molecules such as conventional antibiotics, favours the
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establishment and selection of resistant strains. Moderate activity
on several targets, therefore, seems to be a favourable condition
for limiting resistance [55]. It has been shown that Invertebrates
show elevated immunity after an infection has been cleared [56].
Their immune systems consist of constitutive and inducible
defense mechanisms [57-59]. Important components are
antimicrobial peptides and proteins, such as lysozyme, which are
inducible above constitutive levels for many days after bacterial
infection [60-62].

Constituents from natural substances are increasingly
combined with commonly used antibiotics to improve the
antimicrobial or therapeutic effectiveness of these antibiotics.
Combination therapy has been proposed as a novel strategy to
maximize antimicrobial efficacy against MDR pathogens and
suppress the spread of resistance. Numerous extracts and
compounds isolated from medicinal and food plants have shown
synergistic effects with conventional antibiotics by significantly
reducing their minimal inhibitory concentrations against several
bacterial strains. Similarly, the potentiating effect of antibiotics by
methanol extracts from some vertebrate and invertebrate animals
has been demonstrated [66-67]. The results of the present study
show that all the tested samples selectively potentiated the activity
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of all the antibiotics used, but with varying degrees of efficiency.
This can be explained by the fact that some of these extracts, in
this case, those of R. jimi, contain active principles that act as
efflux pump inhibitors, thus increasing the intracellular
concentrations of antibiotics, given that the bacteria used are
multidrug-resistant strains with a tripartite efflux pump system
known as resistance-nodulation cell division (RND), of which the
Mex and Acr systems for example, in P. aeruginosa and E. coli
respectively [68-70]. The increase in the activity of antibiotics in the
presence of tested animal extracts would also result from the
synergistic effects between these two substances which would act
at different sites at the level of the bacteria cell by mechanisms of
which the most important are, the weakening of the wall or
cytoplasmic membrane, the inhibition of the synthesis of proteins,
of genetic material, of ribosomes or of folic acid metabolism
[71,72]. This property could be attributed to antimicrobial peptides,
or any other secondary metabolites contained in the meat extracts
used. However, the antimicrobial activity of the studied animal
extracts has not yet been evaluated. To the best of our knowledge,
this work, therefore, constitutes the first investigation into their
antimicrobial potential, particularly against MDR bacterial strains.

Table 1. Information on the studied animal samples and their extraction yields

Animal Family Extraction Traditional uses Biological activities Identified or isolated
samples yields (%) bioactive compounds
Gryllus Grillidae 12.05 Used to treat itching and Antimicrobial and immune system Peptides and proteins, such
campestris cutaneous inflammations; it also  inducer [60,62] as lysozyme [60,62]
Linnaeus refreshes the memory [73-75]
Testudo Testudinidae 2.36 Used in the treatment of Antimicrobial activities of aqueous Not reported but peptides or
hermanni, cutaneous infections, extracts used in indigenous medicine proteins were identified in
Mojsisovics rheumatism, and arthritis [73,76]  [77] the present study
Cardisoma Gecarcinidae 2.35 Elderly in Malaysia tend to Peptides in mud crabs from the Peptides [79]
guanhumi consume mud crabs’ soup as genus of Scyllia have antimicrobial
Latreille traditional remedy and folk activity against some Gram-positive

medicine for the purpose of and Gram-negative bacteria, and

reducing the symptoms of showed antioxidant activity [79]

dengue fever. It is used to treat

toxo-dietary infections and

constipation [74,75,78]
Rhinella jimi Arthroleptidae  15.6 It is used in neoplastic Has antibacterial activity against Not reported but peptides
Stevaux treatment, cutaneous itching Echerichia coli and Staphyloccocus and alkaloids were identified

and infections [73, 80, 81]

aureus and anticancer activitiy [82,83]

in this study

NT: not reported
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Table 2. Features of the studied bacteria

Species Types Characteristics References
Escherichia coli ATCC8739 Reference strain [84]
AG100A E. coli K-12 expressing AacrAB: KAN' [85]
AG102 AacrAB mutant AG100, owing acrF gene markedly over expressed; TET" [86]
AG100ATet AacrAB mutant AG100, with over-expressing acrF gene; TET" [87]
W3110 Wild type E. coli K-12
MC4100 Wild type E. coli expressed ABC pumps KAN' [88]
Enterobacter aerogenes ATCC13048 Reference strain [84]
EA27 Clinical MDR isolate exhibiting energy-dependent norfloxacin and [89,90]
chloramphenicol efflux with KAN', AMP', NAL', STR', TET"
EA289 KAN sensitive derivative of EA27
EA294 EA289 expressing acrA: KAN' [90]
EA298 EA289 expressing tolC : KAN' [90,91]
Klebsiella pneumoniae ATCC11296 Reference strain
Kp55 Clinical MDR isolate, TET', AMP'", ATM', CEF' [84]
Kp63 Clinical MDR isolate, TET'", CHL", AMP', ATM' [82]
Providencia stuartii NEA16 Clinical MDR isolate, AcrAB-TolC [84]
PS299645 Clinical MDR isolate, AcrAB-TolC associated to types OMPF and OMPC
porines
Pseudomonas aeruginosa  PA 01 Reference strain [84]
PA 124 Clinical MDR isolate, expressing MexAB-OprM [85]

KANTr, TETr, AMPr, NALr, STRr, ATMr, CEFr, CHLr : resistant (r) to kanamycin, tetracycline, ampicillin, nalidixic acid, streptomycin, aztreonam, cefepime,
chloramphenicol, respectively; MDR : Multidrug-resistant ;. AcrAB-TolC, AcrAB and TolC are efflux pumps

Table 3. Zoochemical composition of animal extracts

Zoochemicals Animal extracts

Gryllus campestris Testudo hermanni Cardisoma guanhumi Rhinella jimi

Dried Fresh Dried Fresh Dried Fresh
Alkaloids - - + + + +
Polyphenols - - - - - -
Flavonoids - - - - + +
Tannins - - - - + +
Steroids - - - - + +

Anthocyanins - - - - R R
Anthraquinones - - - - R R
Saponins - - - - R R

+
+
+
+
+
+

Amino acids/ Peptides /Proteins

[-]: absence of zoochemicals [+]: presence of zoochemicals
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Table 4. Minimal inhibitory and bactericidal concentrations of tested animal samples

Bacterial strains Animal extracts (ug/mL) Ciprofloxacin (ug/mL)

G. campestris T. hermanni C. guanhumi R. jimi

Dried Fresh Dried Fresh Dried Fresh

MiC MIC MiC MIC MiC MBC R MiC MBC R MmiC MB R

C

Escherichia coli
ATCC8739 512 1024 2048 1024 128 256 2 512 2048 4 1 4 4
AG100A - - - - - nt nd - nt nd 2 8 4
AG102 2048 - - - 2048 - >1 - nt nd 4 8 2
AG100ATet - - - 1024 128 512 4 1024 - >2 16 32 2
MC4100 - - 2048 2048 512 2048 4 1024 - >2 2 4 2
W3110 2048 - - - 2048 - >1 2048 - >1 4 16 4

Enterobacter aerogenes

ATCC13048 - - - - 1024 - >2 1024 - >2 1 8 8
EA27 - - 2048 - 512 1024 2 2048 - >1 1 16 16
EA289 - - - - - nt nd - nt nd 2 16 8
EA294 - - - - 2048 - >1 - nt nd 2 8 4
EA298 - - - - - nt nd - nt nd 16 64 4
CM64 - - - 2048 1024 - >2 512 2048 4 32 128 4

Klebsiella pneumoniae

ATCC11296 - 1024 1024 - 512 1024 2 2048 - >1 2 4 2
KP55 - - 2048 - 2048 - >1 2048 - >1 32 128 4
KP63 - - 1024 - 2048 - >1 - nt nd 16 16 1

Providencia stuartii

ATCC29916 - - - - 1024 - >2 - nt nd 1 8 8
PS2636 - - 2048 - 2048 - >1 - nt nd 2 8 4
NEA16 - - - - 2048 - >1 2048 - >1 1 4 4

Pseudomonas aeruginosa

PAOL - - 2048 - 256 1024 4 2048 - >1 8 32 4
PA124 - - - - 512 1024 2 - nt nd 32 256 8
PSBS (%) 15 10 40 20 85 55 100

(-): MIC or MBC>2048 pg/mL (extracts were not active or have very weak activity); MIC : minimal inhibitory concentration; MBC : minimal bactericidal concentration;
R : MBC / MIC ratio (a sample is considered as bacteriostatic or bactericidal when this ratio is >4 or <4 respectively); PSBS : percentage of susceptible bacteria to
substances; nt : not tested; nd : not determined (as no MIC and MBC values were not observed till 2048 pg/mL); Gc: Gryllus campestris; Th: Testudo hermanni; Cg:
Cardisoma guanhumi ; Rj: Rhinella jimi; the activity of dried R. jimi is compared to that of positive control (ciprofloxacin) on some bacterial strains
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Table 5. MICs of antibiotics in presence of dried Gryllus campestris extract at sub-inhibitory concentrations

Antibiotics MICs of Bacterial strains and concentrations of antibiotics PBS

extract (%)
E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii
ATCC8739 AG102 ATCC1304 CM64 ATCC1129 KP5 PAO1 PA124  ATCC2991 NEA16
8 6 5 6

0 32 32 64 64 64 2 64 32 64 64

oxacillin MIC/2 8(4) 8(4) 64(1) 64(1) 64(1) 12 64(1) 8(4) 3202 64(1) 50
MIC/4 32(2) 32(1) 64(1) 64(1) 64(1) 12 64(1) 16(2) 64(1) 64(1) 20
0 2 2 4 4 32 16 2 4 16 8

Thiamphenicol MIC/2 0.5(4) 12 41) 1(4) 32 16(1) 2(2) 1(4) 2(8) 8(1) 50
MIC/4 2(2) 12 42) 2(2) 32(1) 16(1) 2(2) 1(4) 4(4) 8(2) 40
0 2 1 16 8 1 2 16 4 16 8

Gentamicin MIC/2 12 1(1) 0.25(64) 0.125(64) 05(2) 2(2) 16(1) 4(1) 0.25(64) 8(1) 50
MIC/4 2(2) 1(1) 0.5(32) 0.25(32) 0.5(2) 2(2) 16(1) 4(1) 0.25(64) 8(2) 40
0 1 2 16 16 1 8 16 2 16 16

Erythromycin MIC/2 0.125(8) 2(2) 16(1) 16(1) 1(2) 8(1) 16(1) 2(1) 05(32) 1(16) 30
MIC/4 1(2) 2(2) 16(1) 16(1) 1(2) 8(1) 16(1) 2(1) 05(32) 2(8) 20
0 1 4 1 32 2 32 8 32 4 16

Ciprofloxacin MIC/2 0.125(8) 2(2) 0.125(8) 0.5(8) 0.125(16) 2(2) 0.125(64) 8(4) 0.125(32) 0.25(16) 90
MIC/4 0.25(4) 2(2) 0.25(4) 1(4) 0.125(16) 2(2) 0.25(32) 16(2) 0.5(8) 0.25(16) 0
0 2 8 2 2 16 8 4 16 2 16

Doxycycline MIC/2 0.125(8) 0.5(16) 0.125(16) 0.25(8) 0.5(32) 8(2) 2(2) 4(4) 0.5(4) 16(1) 80
MIC/4 0.25(4) 1(8) 0.125(16) 0.5(4) 0.5(32) 8(2) 2(2) 8(2) 122 16(1) 80
0 16 2 32 4 32 8 4 32 2 32

Elucloxacillin MIC/2 0.25(64) 0.25(8) 16(2) 1(4) 1(32) 8(1) 0.5(8) 32(1) 12 32(1) 70
MIC/4 0.5(32) 0.25(8) 32(2) 2(2) 1(32) 8(2) 1(4) 32(1) 122 32(2) 60
0 2 2 32 16 8 2 4 2 2 16

Ofloxacin MIC/2 0.25(8) 2(2) 0.5(64) 0.25(64) 0.25(32) 05@) 05(8) ;).25(8 12 16(1) 80
MIC/4 0.25(8) 2(2) 1(32) 0.25(64) 0.5(16) 12 0.5(8) 0.5(4) 12 16(1) 80
0 4 16 16 16 4 4 4 4 4 16

Azithromycin MIC/2 0.5(8) 16(1) 1(16) 0.25(64) 0.5(8) 14) 0.5(8) 4(1) 14) 16(1) 70
MIC/4 14) 16(1) 1(16) 0.5(32) 1(4) 41) 1(4) 4(1) 14) 16(1) 60

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF22, indifference
when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:
Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of Ciprofloxacin, Doxycycline and Ofloxacin were
more potentiated at all concentrations of extract
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Table 6. MICs of antibiotics in presence of fresh Testudo hermanni extract at sub-inhibitory concentrations

Antibiotics MICs of _ Bacterial strains and concentrations of antibiotics PBS

extract E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii (%)
ATCC87  AG102 ATCC1304 CM64 ATCC1129 KP55 PAO1 PA124  ATCC2991 NEA16

0 gg 32 24 64 24 2 64 32 24 64

oxacillin MIC/2 05(64) 8(4) 1(64) 64(1) 1(64) 2(1) 1(64) 32(1) 64(1) 1(64) 60
MIC/4 05(64) 32(1) 1(64) 64(2) 1(64) 2(1) 1(64) 32(1) 64 1(64) 50
0 2 2 4 4 32 16 2 4 16 8

Thiamphernicol MIC/2 1) 025@8) 4(1) 4(1) 32(1) a4 0258)  4(1) 05(32) 8(1) 50
MIC/4 2(1) 1) 4(2) 4(2) 32(1) 16(1) 1) 4(1) 1(16) 8(1) 30
0 2 1 16 8 1 2 16 4 16 8

Gentamicin MIC/2 0125(16)  0.125(8) 16(1) 18) 0.25(4) 2(1) 1(16) 05(8)  16(1) 8(1) 60
MIC/4 0125(16)  0.25(4) 16() 18) 05(2) 2(1) 1(16) 1(4) 16(1) 8(1) 60
0 1 2 16 16 1 8 16 2 16 16

Erythromycin MIC/2 1) 0125(16)  1(16) 16() 1) 05(16)  16(1) 2(1) 1(16) 1(16) 50
MIC/4 1(1) 0.25(8) 28) 16(1) 1(1) 18) 16(1) 2(1) 1(16) 1(16) 50
0 1 4 1 32 2 32 8 32 4 16

Ciprofioxacin MIC/2 01258)  0125(32)  0.125() 1(32) 0.125(16) 05(64) 2.)125(6 4(8) 0.25(16) 025(64) 100
MIC/4 0.25(4) 025(16)  025(2) 05(8) 0.25(8) 1(32) 025(32)  4(8) 05(8) 05(32) 100
0 2 8 2 2 16 8 4 16 2 16

Doxycycline MIC/2 0125(16)  05(16) 0.25(8) 05(4) 05(32) %125(6 025(16)  2(8) 1) 16(1) %
MIC/4 025@8) 108) 0.25(8) 05(4) 05(32) 02532) 0532)  4(4) 2(1) 16(1) 80
0 16 2 32 4 32 8 4 32 2 32

Flucloxacillin MIC/2 1(16) 0125(16)  32(1) 1(4) 05(64) 8(1) 0532 64(05) 1(2) 32(1) 60
MIC/4 1(16) 0.25(8) 32(1) 1(4) 1(32) 8(1) 05(32)  64(0.5) 1(2) 32(1) 60
0 2 2 32 16 8 2 4 2 2 16

Oftoxacin MIC/2 0.25(8) 0.25(8) 16(2) 025(64)  0.5(16) 05(4) 0532 1(2) 1) 05(32) 100
MIC/4 05(4) 05(4) 16(2) 02564) 10 05(4) 0532  2(1) 1) 1(16) %
0 4 16 16 16 4 4 4 4 4 16

Azithromycin MIC/2 05(8) 05(32) 16(2) 02564)  0.125(32) 41) 0532  2(2) 41) 16(1) 60
MIC/4 05(8) 1(16) 16(1) 025(64) 0125(32) 4(1) 05(8) 2(2) 4(2) 16(1) 60

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF22, indifference
when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:
Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of Ciprofloxacin, Doxycycline and Ofloxacin were more
potentiated at all concentrations of extract
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Table 7. MICs of antibiotics in presence of dried Cardisoma guanhumi extract at sub-inhibitory concentrations

Antibiotics MICs of Bacterial strains and concentrations of antibiotics PBS
extract E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii (%)
ATCC873 AG102 ATCC1304 CM64 ATCC1129 KP55 PAO1 PA124 ATCC2991 NEA1
9 8 6 6 6

0 32 32 64 64 64 2 64 32 64 64

Oxacillin MIC/2 8(4) 8(4) 2(32) 64(1) 1(64) 4(0.5) 2(32) 32(1) 64(1) 1(64) 60
MIC/4 61(2) 32(1) 2(32) 64(1) 4(16) 4(05) 4(16) 32(1) 64(1) 1(64) 50
0 2 2 4 4 32 16 2 4 16 8

Thiamphenicol MIC/2 12 05(8) 0.5(8) 41) 32(2) 4(4) 0.25(8) A1) 16(1) 1) 60
MIC/4 2(2) 12 1(4) 41) 32(2) 16(1) 12 A1) 16(1) 1) 40
0 2 1 16 8 1 2 16 4 16 8

Gentamicin MIC/2 0.125(16) 05(2) 16(1) 1(8) 0.25(4) 2(2) 1(16) 2(4) 1(16) 1) 70
MIC/4 0.125(16) 05(2) 16(1) 1(8) 0.5(2) 2(2) 1(16) 2(2) 1(16) 1) 70
0 1 2 16 16 1 8 16 2 16 16

Erythromycin MIC/2 05(2) 0.125(16) 1(16) 16(1) 1(2) 0.5(16) 1(16) 0.5(4) 1(16) 1(16) 80
MIC/4 05(2) 0.25(8) 2(8) 16(1) 1(2) 1(8) 1(16) 0.5(4) 2(8) 2(8) 80
0 1 4 1 32 2 32 8 32 4 16

Ciprofloxacin MIC/2 <0.125(>8) 0.125(32) 0.25(2) 0.5(8) 0.125(64) 1(32) 0.125(64) 0.5(64) 0.25(64) 1(16) 100
MIC/4 0.125(8) 0.25(16) 0.5(1) 0.5(8) 0.125(64) 2(16) 0.125(64) 0.5(64) 0.25(64) 1(16) 90
0 2 8 2 2 16 8 4 16 2 16

Doxycycline MIC/2 12 1(8) 0.25(8) 0.25(8) 0.5(32) 0125(64)  0.25(16) 4(4) 12 16(1) 0
MIC/4 12 1(8) 0.5(4) 0.5(4) 0.5(32) 0.5(16) 0.5(32) 8(2) 12 16(1) 90
0 16 2 32 4 32 8 4 32 2 32

Flucloxacillin MIC/2 1(16) 0.5(4) 4(8) 1(4) 0.5(64) 8(2) 0.5(32) 8(4) 2(2) 32(1) 70
MIC/4 2(8) 12 8(4) 1(4) 1(32) 8(2) 0.5(32) 16(2) 2(2) 32(1) 70
0 2 2 32 16 8 2 4 2 2 16

Ofloxacin MIC/2 0.125(16) 0.5(4) 1(32) 0.25(64)  0.5(16) 0.5(4) 0.5(32) 2(1) 12 16(1) 80
MIC/4 0.25(8) 0.5(4) 1(32) 0.5(32) 1(8) 0.5(4) 0.5(32) 2(1) 12 16(1) 80
0 4 16 16 16 4 4 4 4 4 16

Azithromycin MIC/2 0.25(16) 16(1) 16(1) 0.25@64) 0.25(16) 41) 0.25(16) 41) 4(2) 16(1) 40
MIC/4 05(8) 16(1) 16(1) 1(16) 0.25(16) 42) 1(4) 41) 42) 16(1) 40

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF22, indifference
when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:
Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of Gentamicin, Erythromycin, Ciprofloxacin,
Doxycycline and Ofloxacin were more potentiated at all concentrations of extract
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Table 8. MICs of antibiotics in presence of fresh Cardisoma guanhumi extract at sub-inhibitory concentrations
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Antibiotics MICs of  Bacterial strains and concentrations of antibiotics PBS
extract (%)
E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii
ATCC8739  AG102 ATCC13048 CM64 ATCC11296 KP55 PAO1 PA124 ATCC29916 NEA16
0 32 32 64 64 64 2 64 32 64 64
. MIC/2 32(1) 8(4) 64(1) 32(2 1(64) 12 64(1) 32() 64(1) 64(1) 40
Oxacillin
MIC/4 32(1) 32(2) 64(1) 64(1) 1(64) 12 64(1) 32 64(1) 64(1) 30
0 2 2 4 4 32 16 2 4 16 8
. . MIC/2 05(4) 12 22 22 32(1) 16(1) 2(2) 42) 2(8) 8(2) 50
Thiamphenicol
MIC/4 12 2(2) 41) 22 32(1) 16(1) 2(2) 41) 44) 8(2) 30
0 2 1 16 8 1 2 16 4 16 8
o MIC/2 2(2) 0.125(8) 16(1) 8(1) 05(2) 2(2) 0.25(64) 0.5(8) 16(1) 8(2) 40
Gentamicin
MIC/4 2(2) 0.125(8) 16(1) 8(1) 1(1) 2(2) 05(32) 1(4) 16(1) 8(2) 30
0 1 2 16 16 1 8 16 2 16 16
) MIC/2 0.25(4) 0125(16)  4(4) 2(8) 1(1) 8(1) 0.5(32) 1(2) 05(32) 1(16) 80
Erythromycin
MIC/4 05(2) 0.25(8) 8(2) 2(8) 1(1) 8(1) 0.5(32) 1(2) 05(32) 2(8) 80
0 1 4 1 32 2 32 8 32 4 16
) . MIC/2 0.125(8) 0125(32)  0.125(8) 1(32) 0.125(16) 2(2) 0125(64) 0.5(64) 0.25(64) 0.25(64) 0
Ciprofloxacin
MIC/4 0.25(4) 0125(32) 0.25(4) 2(16) 0.25(8) 2(2) 0.25(32) 1(32) 0.25(64) 0.25(64) 0
0 2 8 2 2 16 8 4 16 2 16
. MIC/2 0.25(8) 0.25(32) 0.5(4) 0.5(4) 0.5(32) 8(2) 1(4) 4(4) 2(2) 16(1) 70
Doxycycline
MIC/4 12 0.25(32) 0.5(4) 12 0.5(32) 8(2) 2(2) 4(4) 2(2) 16(1) 70
0 16 2 32 4 32 8 4 32 2 32
. MIC/2 16(1) 0.25(8) 32(2) 0.5(8) 1(32) 8(2) 1(4) 32(1) 122 64(0.5) 50
Flucloxacillin
MIC/4 16(1) 0.25(8) 32(2) 1(4) 1(32) 8(2) 1(4) 32(1) 122 64(0.5) 50
0 2 2 32 16 8 2 4 2 2 16
. MIC/2 0.25(8) 0.25(8) 0.5(64) 0.25(64) 0.5(16) 12 0.25(16) 1(2) 122 16(1) 90
Ofloxacin
MIC/4 0.5(4) 0.25(8) 0.5(64) 0.5(32) 0.5(16) 12 0.25(16) 1(2) 12 16(1) 90
0 4 16 16 16 4 4 4 4 4 16
. . MIC/2 0.25(16) 0.5(32) 1(16) 0.25(64) 0.5(8) 14 0.5(8) 1(4) 14) 16(1) 90
Azithromycin
MIC/4 05(8) 1(16) 2(8) 0.5(32) 0.5(8) 41) 1(4) 2(2) 14) 16(1) 90

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF22, indifference

when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:
Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of Erythromycin, Ciprofloxacin, Doxycycline and

Ofloxacin were more potentiated at all concentrations of extract
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Table 9. MICs of antibiotics in presence of dried Rhinella jimi extract at sub-inhibitory concentrations
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Antibiotics MICs Bacterial strains and concentrations of antibiotics PB

gitract (S%)
E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii
ATCC873 AG102 ATCC1304 CM64 ATCC1129 KP55 PAO1 PA124 ATCC2991 NEA16

0 22 32 24 64 24 2 64 32 24 64

oxacillin MIC/2  025(128) ?.125(256 16(4) 1(64) 16(4) 0125(16)  05(128)  1(32) 0.25(256) 2(32) 100
MIC/4  05(64) 025(128)  32(2) 2(32) 16(4) 0.25(8) 2(32) 2(16) 2(32) 8(8) 100
0 2 2 4 4 32 16 2 4 16 8

Thiamphenic ~ MIC/2  1(2) 0125(16)  4(1) 4(1) 8(4) 20) 0.25(8) 05(8) 16(1) 8(1) 60

o MIC/A  1(2) 05(4) 4(1) 4(1) 8(4) 2©) 12) 1(4) 16(1) 8(1) 60
0 2 1 16 8 1 2 16 4 16 8

Gentamicin MIC/2  0.125(16) 1(2) 0.25(64) 0125(64)  0.125(8) 0.25(8) 025(64)  012532)  05(32) 8(1) 90
MIC/4  025(@8) 2(1) 1(16) 0.25(32) 0.125(8) 05(4) 05(32) 0.25(16) 1(16) 8(1) 80
0 1 2 16 16 1 8 16 2 16 16

Ervthromycin ~ MIC/I2 0125(9) 0.25(8) 0.25(64) 0.25(64) 0.125(8) 0.25(32) 05(32) 0125(16)  0.125(128) 1(16) 100
MIC/4  025() 05(4) 0.25(64) 05(32) 05(2) 05(16) 1(16) 0.25(@8) 0.25(64) 1(16) 100
0 1 4 1 32 2 32 8 32 4 16

Ciprofloxacin ~ MIC/2  0125() 025(16)  0.25() 2(16) 0.125(16) 1(32) 025(64)  1(32) 0.125(32) 1(16) 100
MIC/4  025(@) 025(16)  0.25() 2(16) 0.25(8) 2(16) 18) 2(16) 0.25(16) 2(8) 100
0 2 8 2 2 16 8 4 16 2 16

Doxycycline ~ MIC/2  0125(16) 05(16) 2(1) 0.25(8) 28) 05(16) 402 44) 0.125(16) 0.5(32) 80
MIC/4  0.125(16) 2(4) 2(1) 0.25(8) 44) 2(4) 41) 4 0.25(8) 1(16) 80
0 16 2 32 4 32 8 4 32 2 32

Flucloxacilin ~ MICI2 2@ 0.25(8) 05(64) 0125(32)  4@8) 05(16) 1(4) 32(1) 1) 2(16) 9%
MIC/4  44) 0.25(@8) 2(16) 0.25(16) 8(4) 8(4) 2(2) 32(1) 12) 2(16) )
0 2 2 32 16 8 2 4 2 2 16

Ofloxacin MIC/2  05(4) 0125(16)  2(16) 0.25(64) 0.5(16) 2(1) 0125(16)  1(2) 0.125(16) 16(1) )
MIC/4  05(4) 0.25(8) 8(4) 05(32) 18) 2(1) 0.25@8) 12) 0.25(8) 16(1) 80
0 4 16 16 16 4 4 4 4 4 16

Azithromycin MIC/2 05(8) 16(1) 4(4) 1(16) 0.5(8) 0.25(16) 0.25(16) 41) 41) 1(16) 70
MIC/4  1(4) 16(1) 44) 28) 05(8) 202) 05(8) 41) 41) 2(8) 70

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF22, indifference

when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:

Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of almost all
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Table 10. MICs of antibiotics in presence of fresh Rhinella jimi extract at sub-inhibitory concentrations

Antibiotics MICs of Bacterial strains and concentrations of antibiotics PBS
extract (%)
E. coli E. aerogenes K. pneumoniae P. aeruginosa P. stuartii
ATCC873 AG102 ATCC1304 CM64 ATCC1129 KP55 PAO1 PA124 ATCC299 NEA1
0 3?2 32 68;1 64 664 2 64 32 é?l :4
Oxacillin MIC/2 05(64) 0.25(128) 64(1) 2(32) 1(64) 0.125(16) 1(64) 8(4) 05(128) 1(64) )
MIC/4 2(16) 1(32) 64(1) 4(16) 4(16) 05(4) 232) 16(2) 2(32) 2(32) )
0 2 2 4 4 32 16 2 4 16 8
Thiamphenicol MIC/2 21) 12) A1) 4(1) 2(16) 822 12) 2(2) 16(1) 05(16) 60
MIC/4 21) 12) A1) 4(1) 2(16) 16(1) 12) 2(2) 16(1) 1(8) 50
0 2 1 16 8 1 2 16 4 16 8
Gentamicin MIC/2 0.125(16) 0.25(4) 16(1) 8(1) 0.25(4) 0.125(16) 16(1) 0.125(32) 05(32) 0.25(32) 70
MIC/4 0.125(16) 05(2) 16(1) 8(1) 05(2) 0.125(16) 16(1) 0.125(32) 1(16) 0.25(32) 70
0 1 2 16 16 1 8 16 2 16 16
Erythromycin MIC/2 1(1) 2(1) 05(32) 0.25(64) 0.125(8) 0.125(64) 1(16) 1(2) 0.25(64) 05(32) )
MIC/4 1(1) 2(1) 1(16) 05(32) 0.125(8) 0.25(32) 20) 1(2) 05(32) 05(32) 80
0 1 4 1 32 2 32 8 32 4 16
Ciprofioxacin MIC/2 0.125(8) 2(1) 0.125(8) 05(64) 0.125(16) 05(64)  0.125(64) 4(8) 025(16)  0.25(64) )
MIC/4 0.125(8) 2(1) 0.25(4) 1(32) 0.125(16) 05(64) 0.25(32) 8(4) 025(16)  0.25(64) )
0 2 8 2 2 16 8 4 16 2 16
Doxycydline MIC/2 0.25(8) 0.25(32) 2(1) 0.25(8) 05(32) 0.25(32) 1(4) 2(8) 2(1) 16(1) 70
MIC/4 0.25(8) 0.25(32) 2(1) 05(4) 1(16) 0.5(16) 1(4) 2(8) 2(1) 16(1) 70
0 16 2 32 4 32 8 4 32 2 32
Flucloxacillin MIC/2 8(2) 0.5(4) 32(1) 05(8) 4@8) 0.25(32) 1(4) 32(1) 2(1) 32(1) 60
MIC/4 82 05(4) 32(1) 05(8) 8(4) 0.5(16) 1(4) 32(1) 2(1) 32(1) 60
0 2 2 32 16 8 2 4 2 2 16
Offoxacin MIC/2 2(1) 0.25(8) 05(64) 0.25(64) 05(16) 05(4) 0.25(16) 0.25(8) 0.125(16) 1(16) )
MIC/4 2(1) 0.25(8) 1(32) 0.25(64) 05(16) 05(4) 05(8) 0.5(4) 0.25(8) 1(16) )
0 4 16 16 16 4 4 4 4 4 16
Azithromycin MIC/2 05(8) 1(16) 05(32) 0.25(64) 05(8) 05(8) 05(8) 0.5(8) 4(1) 8(2) )
MIC/4 1(4) 44 05(32) 0.25(64) 1(4) 1(4) 05(8) 0.5(8) 401) 16(1) 80

PBS : percentage of bacterial susceptibility; The numbers in parenthesis represent the improvement activity factors (IAF) [there is synergism when IAF>2, indifference

when IAF=1 and antagonism when IAF<0.5]; IAF values were obtained by calculating the MIC of antibiotic alone over MIC of the combination; 0: MICs values of
antibiotics tested alone; The MIC of extract sample is those showed in Table 4; E. coli: Escherichia coli; E. aerogenes: Enterobacter aerogenes; K. pneumoniae:
Klebsiella pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; P. stuartii: Providencia stuartii; the activities of almost all the antibiotics were more potentiated at

all concentrations of extract

Conclusion

This study revealed that R. jimi is the most promising animal
extract, as it was active against most of the studied bacteria. All
tested animal extracts enhanced the activity of almost all antibiotics
used against several bacteria but those from R. jimi had the most
potential compared to the other extracts. It would therefore
constitute an alternative in the control and treatment of infections
caused by MDR bacteria. Finally, the present study provides basic
information about the antimicrobial potential of the studied animals.
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